MATErIALS AND METHODS
Following Institutional review Board approval, this prospective, randomised, single-blind, crossover study was carried out on 20 ASA I or II patients aged between 18 and 70 years and scheduled for ECT. Patients with anticipated difficult airway and a history of allergy to either of the anaesthetic agents or related compounds were excluded, as were those who refused to participate in the study. Assessment of the treating psychiatrist was sought and surrogate consent was obtained for patients deemed not competent to provide their own consent. Anaesthesia was conducted by anaesthetists with a minimum of six months' experience in anaesthesia and data was collected by an independent observer.
The patients were randomly allocated into two groups. Group I received etomidate (Etomidate-® Lipuro, B. Braun Ltd, Melsungen, Germany) for the first course of ECT (Group IA) and propofol (Diprivan ® , AstraZeneca, UK) for the second course of ECT (Group IB), while Group II received propofol for the first ECT (Group IIA) and etomidate for the second ECT (Group IIB). There was a washout period of two to three days between the procedures. Ten patients were recruited into each group.
Patients were fasted overnight and no sedative premedication was administered prior to the procedure. The procedure was carried out in the treatment room of the psychiatric ward. An intravenous cannula was inserted on the dorsum of the hand and a blood pressure cuff was applied on the ipsilateral arm. The patients' heart rate, blood pressure, SpO 2 and electrocardiogram were monitored throughout the procedure and recorded pre-induction, post-induction and every three minutes thereafter for 12 minutes.
Depending on group allocation, anaesthesia was induced with either intravenous propofol 1.5 mg/kg (premixed with 40 mg of lignocaine) or etomidate 0.3 mg/kg. After loss of responsiveness to verbal command, another blood pressure cuff over the contralateral arm was inflated to 50 mmHg above the systolic blood pressure to isolate the forearm muscles from the effects of intravenous suxamethonium 0.5 mg/kg which was then administered. Ventilation was accomplished with 100% oxygen via facemask. A bite-block was inserted just prior to delivery of the ECT stimulus, which was given one minute after administration of suxamethonium. The ECT stimulus was delivered by Thymatron™ System II (SOMATICS Inc., Lake Bluff, IL, USA), and the procedure was performed according to standards approved at our institution and in agreement with the American Psychiatric Association guidelines 6 . Motor seizure duration was recorded as the time interval between ECT stimulus and cessation of tonic-clonic motor activity in the isolated upper limb, while EEG seizure duration was recorded as the interval between ECT stimulus and post-ictal EEG suppression.
After cessation of the seizure, the patients were ventilated with 100% oxygen via facemask until return of adequate spontaneous breathing. They were then placed in the recovery position and monitored in a designated post-anaesthesia care area for 30 minutes prior to discharge to the ward.
Any adverse events which occurred during the procedure were documented. These included pain on injection, allergic reaction, myoclonus or abnormal movement, oxygen desaturation (SpO 2 <95%), brady-or tachycardia (change of heart rate of 20% from baseline) and hypo-or hypertension (change of mean arterial pressure [MAP] of 20% from baseline). rescue therapy, if required, would be as follows: intravenous atropine 0.4 mg for bradycardia lasting more than 30 seconds and associated with hypotension; intravenous ephedrine 6 mg for hypotension (MAP below 20% of baseline); and intravenous diazepam 5 mg for electrical seizure duration greater than 120 seconds 17 .
The α value was set at 0.05 and power of study at 80%. The mean and standard deviation for the motor and electrical seizure duration was obtained from a previous study by Avmarov 11 . Using the power and sample size software calculator nQuery Advisor, a sample size of seven in each arm was obtained. Allowing for a dropout rate of 30%, the sample size in each arm would be 20. Data analysis was done using t-test for parametric data and general linear model 18 for the haemodynamic parameters.
As this study used a cross-over design, the period effect and treatment by period interaction was calculated using a method as described by Altman 19 , before determining the treatment effect 20, 21 . A period effect is noted when the underlying condition or ability to respond to treatment changes from one period to the next. A treatment by period interaction is noted when a difference occurs in response to treatment in the first period compared with the second period, most commonly seen because an effect from active treatment is carried over into the outcome measurements of the next period. In a crossover design, responses to treatment are suspected if any period or treatment by period interaction effects are noted 22 .
rESULTS
The groups were comparable in terms of age, weight, height and body mass index as illustrated in Table 1 .
Being a crossover trial, analyses for the period effect and treatment period interaction were performed. No period effect was demonstrated (P value of 0.072 and 0.362 for motor and electrical seizure respectively), indicating that the seizure duration was not affected on repeated administration of both drugs. There was also no treatment period interaction (P value of 0.474 and 0.857 for motor and electrical seizure respectively) indicating an absence of carry-over effect. This meant that there was no difference in response to treatment in the first period compared with the second period.
As results for both period and treatment period interaction were not significant, we proceeded to analyse the treatment effect. As shown in Table 2 , etomidate had a significantly longer mean seizure duration compared to propofol for both the motor and electrical components (P <0.01). It was also noted that the standard deviation for etomidate was comparatively greater for all categories. Haemodynamic parameters are shown in Figures 1 and 2. There was no significant difference in baseline MAP and heart rate between the groups. No significant hypo-or hypertension was observed in either group post-induction. In both groups, etomidate did not attenuate the hypertensive response associated with ECT and resulted in significantly higher mean MAP post-ECT at three minutes. Propofol in Group IB demonstrated higher mean MAP post-ECT compared to Group IIA. In Group I, none of the subsequent mean MAP values showed significant difference from baseline value. In Group II, both subgroups demonstrated significant increase in mean MAP at nine and 12 minutes, while increase in mean MAP at three and six minutes was only significant in the etomidate group, Group IIB.
There was no difference in heart rate between the groups post-induction. There was significant tachycardia for both the subgroups in Group I at three and nine minutes. All the four subgroups demonstrated similar degrees of tachycardia at 12 minutes.
Eight out of 20 patients who received etomidate developed either myoclonus (n=6) or pain on injection (n=2). Six out of 20 patients who received propofol demonstrated either pain on injection (n=5) or abnormal movement (n=1). The most prominent side-effect was therefore myoclonus with etomidate, not observed in patients receiving propofol. None of the patients showed significant desaturation during the procedure.
DISCUSSION
ECT has a well-established role in the management of patients who have not responded to psychopharmacological treatment [2] [3] [4] . Many studies documenting the efficacy of ECT for depressive illness have been published, finding ECT superior to 'sham' ECT and to medications in the treatment of patients with severe depressive illness 3 , particularly those with psychotic and suicidal symptoms 5 . Electroconvulsive therapy, performed in geographically dispersed locations outside the operating rooms, requires scheduling and staffing for anaesthetics which are quite different from those in the operating rooms 23 . The procedure itself consists of programmed electrical stimulation of the central nervous system to initiate seizure activity. In terms of haemodynamic effects, seizure activity causes an initial parasympathetic discharge, later followed by sympathetic discharge 24 . The parasympathetic discharge is manifested as bradycardia, rarely asystole 25 , premature atrial and ventricular contractions, or a combination of these abnormalities. The sympathetic discharge is associated with tachycardia, hypertension, premature ventricular contractions and, rarely, ventricular tachycardia. Electrocardiogram changes, including ST-segment depression and T-wave inversion 26 , presumed to be secondary to the sympathetic discharge, may also be seen after ECT, without biochemical evidence of myocardial infarction 27 .
With the introduction of intravenous anaesthetic agents, neuromuscular blockade and assisted or controlled ventilation with 100% oxygen in 1963, anaesthesia has brought ECT into a new dimension in terms of patient comfort as well as amnesia during the procedure 1, 28 . The perfect induction agent for ECT would ensure rapid unconsciousness, be painless on injection, have no haemodynamic effects, would not affect seizure duration or amplitude, provide rapid recovery and be inexpensive 28 .
The search for an ideal anaesthetic agent for ECT has been an ongoing process. Most of the anaesthetic agents used have anticonvulsant properties because of their effects on the gamma-aminobutyric acid receptors 29, 30 . The efficacy of ECT requires knowledge of anaesthetic precepts, understanding of the interaction between anaesthetic drugs and seizure activity, and awareness of the physiological effects of ECT as well as the treatment of those effects 31 .
Historically, because of its short duration of action and minimal effect on seizure threshold, methohexitone is the most popular intravenous anaesthetic for ECT 32 . Psychomotor functions recover more quickly after administration of methohexitone compared with thiopentone 33 , with the seizure duration being reduced or comparable in the thiopentone group 34 . Low doses of methohexitone (e.g. 0.5 to 1.0 mg/kg) have even been reported to provoke convulsions in patients with epilepsy 35 .
Propofol has been used as an induction agent for ECT, as it is an ultrashort-acting anaesthetic agent with good recovery profile, including an earlier return of cognitive function 9 . Its potent anti-convulsant properties may be problematic for certain seizure-resistant individuals. Ketamine reportedly increases the duration of electrically induced seizures and has thus been recommended for patients with an increased seizure threshold 36 . However, its drawbacks include a slower induction, delayed recovery and increased incidence of nausea and ataxia during recovery compared to methohexitone 37 . The enhanced haemodynamic response and resultant inrease in intracranial pressure make ketamine less desirable than methohexitone and propofol for routine ECT treatments 38 .
In the past decade, there has been a resurgence of interest in etomidate, especially with the introduction of the drug in lipid formulation designed to reduce the problems of thrombophlebitis, pain on injection and haemolysis 39 . Etomidate has good cardiovascular stability and allows rapid recovery. It has also been shown to prolong seizure duration in elderly seizureresistant patients undergoing ECT 10 and has been suggested as an alternative anaesthetic agent for the procedure 13, 16 . Interestingly, there have been case reports of spontaneous seizure after administration of etomidate for ECT 40, 41 . However, etomidateinduced seizures are an exceedingly rare event and should not alter usual ECT practice for patients without risk for seizure 40 .
For several years, etomidate has been underutilised due to its feared complications of adrenal suppression and anaphylaxis. There have been studies showing increased risk of adrenal suppression following single doses of etomidate in critically injured patients 42 , haemodynamically unstable patients 43 , patients with septic shock 44 and patients undergoing emergency surgery 45 . ryding questioned the wisdom of using etomidate in ECT, since immunosuppression could be present in mostly susceptible, elderly depressive patients, possibly not eating, inactive and with self-neglect 46 . Our study, conducted on 20 ASA I or II patients, did not address the issue of adrenal suppression and hence it may not be appropriate to extrapolate our results to the patient groups depicted by ryding. Earlier studies by Fragen 47 and Wagner 48 , however, found that in healthy adults undergoing elective surgery, the adrenalsuppressive effects of etomidate were reversible and lasted less than 24 hours (<6 hours in most cases). In a recently published prospective observational study, Tekwani et al found no statistically significant increase in hospital length of stay or mortality in patients given etomidate for rapid-sequence intubation 49 . They concluded that their data did not support suggestions that the use of etomidate for intubation in the emergency department be abandoned.
As an induction agent widely used for patients undergoing ECT, propofol has been shown to reduce cognitive dysfunction following ECT, but also significantly shortens the seizure duration 7, 8 . Attempts have been made to use smaller doses of propofol in order to minimise its effect on seizure duration. Avmarov et al suggested that a dose of 0.75 mg/kg could shorten the seizure duration in comparison with methohexitone 11 . However, it was doubtful whether such a low dose would be adequate to induce anaesthesia without significant risk of awareness or recall. Avmarov et al also compared different doses of 0.75 mg/kg, 1 mg/kg and 1.5 mg/kg of propofol with 0.15 mg/kg, 0.2 mg/kg and 0.3 mg/kg of etomidate 11 . They found no significant dose-related differences in motor and EEG seizure durations with different doses of etomidate. Based on the above, we opted to use propofol 1.5 mg/kg and etomidate 0.3 mg/kg for induction of anaesthesia in this study, doses regarded as approximately "equihypnotic" by Avmarov 11 .
It has been suggested that monitoring of EEG bispectral index scores (BIS) during ECT may be useful in ensuring adequate depth of anaesthesia. This is especially so when low doses of induction agents are used in an attempt to minimise effects on seizure duration. Using BIS monitoring, Sartorius et al investigated the influence of anaesthetic drugs on seizure adequacy or on treatment success 50 . They found significant correlations for pre-ECT BIS versus motor response time, seizure concordance, ictal coherence and peak heart rate, and concluded that controlling BIS-levels before stimulation may have an additional effect on treatment success.
In our study, both the motor and EEG seizure duration demonstrated neither period effect nor treatment by period interaction. Differences in the mean motor seizure duration might suggest the possibility of a period effect, even though it was not significant statistically. This could be attributed to a lack of clear end-point in measurement of motor seizure duration as compared to EEG seizure duration. The possibility of a period effect was convincingly rejected by examining the EEG seizure duration, the gold standard for measuring seizure activity. The washout period of two to three days was adequate as no carry-over effects were demonstrated. This was expected, as both induction agents used were ultrashort-acting anaesthetic agents.
The standard deviation of seizure duration in patients receiving etomidate spread through a bigger range compared to propofol. It was possible that patients could manifest widely differing pharmacodynamic responses in the context of seizure duration to etomidate. Etomidate produced a significantly longer seizure duration compared with propofol in both electrical and motor seizures. The motor and electrical seizure duration for etomidate may extend beyond 100 seconds. It would confer benefit to patients who are seizure-resistant or have inadequate seizure duration. On the other hand, care should be taken in anticipation of prolonged seizure of two minutes or longer. This is of sufficient concern for the psychiatrist to terminate the seizure after discussion with an anaesthetist 17 . This could mean that the advantage of the etomidate group in having longer seizure duration is offset by the possibility of having a prolonged seizure. The longest seizure duration was 120 seconds in our study and termination of seizure was not necessary.
We checked for period effect and period by treatment interaction for the patient's baseline blood pressure in Groups I and II. We noted that there was period effect but no period by treatment interaction, signifying no carry-over effect due to treatment. The mean MAP during the second procedure was consistently lower in both groups. We hypothesise that the higher blood pressure during the first ECT might be attributed to anxiety and higher sympathetic activity. By the time the patient came for the second ECT, anxiety level would be much reduced with knowledge from the previous experience.
Avmarov reported that propofol conferred better protection against untoward hypertensive responses to ECT compared to etomidate 11 . Our results showed that the mean MAP readings were higher with etomidate post-ECT at three minutes in both groups, and at six and nine minutes in Group II. However, the results were not significant in the etomidate treatment group in Group IA, though the mean MAP was higher than propofol at six, nine and 12 minutes. This could be due to the high level of variability between the baseline and MAP post-ECT for Group I. Group IB demonstrated a significant rise in mean MAP post-ECT at three minutes, and thus we could not conclude that propofol conferred better protection in attenuating hypertensive response post-ECT. Based on our results, we concluded that neither drugs demonstrated consistent effects in suppressing the rise in blood pressure post-ECT.
Analysis of the mean heart rate in comparison with the baseline reading showed that the increase in heart rate at three minutes post-ECT was significant in Group I and bordered on being significant (P=0.05) in Group II. Both the drugs did not demonstrate consistent effects in suppressing the rise in heart rate post-ECT. Even though there were significant differences in mean heart rate at nine and 12 minutes for Group I and at 12 minutes for Group II, no conclusion could be made as many of the patients had started to regain consciousness by then.
This lack of difference in cardiovascular effects between the two study drugs is in agreement with rosa, who compared propofol, etomidate and thiopentone during ECT 51 . However, Gazdag found that during the treatment, the mean MAP was increased by 8.1 mmHg by propofol and 18.3 mmHg by etomidate 52 . The authors concluded that propofol was more effective in attenuating the seizure-induced increase in MAP than etomidate, and supported the use of propofol in patients with greater cardiovascular risk. This is in contrast with the review by Folk et al, who recommended that etomidate may be considered in patients with decreased cardiac output 28 . These differences could be attributed to different characteristics of population studieddepressive disorders in Rosa's study, schizophrenia in Gazdag's study and a heterogenous group in our study. Because the biochemical bases of schizophrenia differ from that of depression, the influence of these biochemical differences on electrophysiologic variables and possibly haemodynamic effects cannot be ruled out.
Myoclonus was the most prominent side-effect of the etomidate group, consisting of 30% of patients who received the induction agent. Our figures were lower than the reported incidence of 50 to 80% in unpremedicated patients 29 . It would be tempting to assume that seizure activity might have occurred post-etomidate resulting in manifestation of myoclonus. However, EEG recorded at the time of myoclonus failed to demonstrate epileptic paroxysms or ictal spiking 30 ; instead it usually showed slow δ-waves indicating deep anaesthesia of the patients 29 . One possible explanation for the occurrence of myoclonus is the transient disinhibition of subcortical structures during the transition from consciousness to unconsciousness 29 .
Pain on injection with etomidate occurred in only two out of 20 patients (10%) in our study. It is well recognised that etomidate dissolved in lipofundin has an almost physiological osmolality and is devoid of pain on injection, postoperative thrombophlebitis or haemolytic effects 29, 39 . This is in contrast with the earlier formulation using propylene glycol as solvent, which may cause direct injury resulting in pain and venous sequelae 53 . At the time of our study, the Propofol-® Lipuro (B. Braun Ltd, Melsungen, Germany) formulation was not yet available in our hospital. Our study with propofol (Diprivan ® , AstraZeneca, UK) mixed with lignocaine was associated with pain on injection in eight out of 20 patients (25%). Even though our figures compared favourably with reported incidence of 32 to 67% 54 , it would be reasonable to expect the incidence to reduce even further with propofol in an emulsion of long-and medium-chain triglycerides, as reported by rau et al 55 .
CONCLUSION
Etomidate was associated with a significantly longer motor and EEG seizure duration compared to propofol during ECT. Neither drug demonstrated consistent effects in suppressing the rise in heart rate or blood pressure following ECT. rEFErENCES
